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ABSTRACT The antitumor and metastasis-inhibitory activities, mode of action, and clinical 
application of lentinan, a strictly purified 0-l,6:/3-l,3-glucan, are reviewed. Lentinan exerts 
a prominent antitumor effect and prevents chemical and viral oncogeneses. The antitumor 
action of lentinan is host-mediated. Compared to other well-known immunostimulants , such 
as bacille Calmette Guerin (BCG), Corynebacterium parvum, and lipopolysaccharide (LPS), 
lentinan appears to represent a unique class of immunopotentiator, a T cell-oriented adju- 
vant. Lentinan triggers the increased production of various kinds of bioactive serum factors 
associated with immunity and inflammation, such as IL-1, CSF, IL-3, vascular dilation 
inducer, and acute-phase protein inducer, by the direct impact of macrophages or indirectly 
via lentinan-stimulated T cells, which results in the induction of many immunobiological 
changes in the host. Augmented IL-1 production amplifies the maturation of immature 
effector cells to mature cells capable of responding to lymphokines such as IL-2 and T cell- 
replacing factors. Because of this mode of action, intact T cell compartments for antitumor 
activity of lentinan are required. Lentinan has little toxic side effects. Excellent results were 
obtained in a 4 year follow-up of the randomized control study of lentinan in phase m on 
patients with advanced and recurrent stomach and colorectal cancer. 
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In oriental medicine practiced in Asian countries, some kinds of fungi belonging to 
basidiomycetes have been used since olden times as folk remedies for cancer. Based on such a 
concept, we isolated a polysaccharide with marked antitumor activity from Lentinus edodes 
(Berk.) Sing., the most popular edible mushroom in Japan, and named it lentinan about 20 
years ago [1,2]. Lentinan is a neutral polysaccharide, a fully purified 0-1,3-D-glucan with 0- 
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TABLE L Structure and Physicochemical Properties of Lentinan 



1. Primary structure 




CH 2 OH CH2OH 



HO 



CH 2 OH 



HO 



OH 



OH 



OH 



OH 



OH Jn 



0-- 



2. Higher structure 

Right-handed triple helical structure (by X-ray analysis) 
Lattice constant: hexagonal, a = b=15A,c = 6A 

3. Molecular formula (by elementary analysis) 
(C 6 H 10 0 5 )„: Culcd, C: 44.44%, H: 6.22% 



4. Sugar component 

Glucose only (by gas chromatography) 

5. Molecular weight 

Distribution in a range between 4 x 10 5 - 8 x 10 5 daltons 

(by gel permeation chromatography and Laser Raman light scattering) 

6. Physical constants 

Specific rotation: [<*]g\ 13.5 - 14.5° (in 2% NaOH), 19.5 - 21.5° (in 

10% NaOH) 
UV spectra: No peak 
IR spectra: 890 cm"" 1 (0-glucose) 
Ultracentrifugation: One peak 
High voltage electrophoresis: One spot 

Solubility: Slightly soluble in water (0.1 %) 



1,6 branches having a triple helical structure, and its physical and chemical properties are 
strictly characterized [3,4] (Table I). This is the most important point of lentinan for immuno- 
pharmacological studies and clinical use. 

Lentinan exerts a prorninent antitumor activity in allogeneic, syngeneic, and autochtho- 
nous tumor-host systems, prevents chemical and viral oncogenesis [1,2,5-7], and increases 
host resistance to bacterial, viral, and parasitic infections [8,9]. Its irnmunopharmacological 
properties are well characterized as a T cell-oriented adjuvant in which macrophages play 
some part [10-18]. 

Lentinan caused little toxic side effects in in vivo application in animal models and 
human [19,20]. A four year follow-up of the phase m i^domized control study of lentinan 
resulted in prolongation of life span of patients with advanced and recurrent stomach and 
colorectal cancer [21]. This review concerns the. current status and perspectives on the 
antitumor and metastasis-inhibitory effects and mode of action of lentinan as an 
immunomodulator. 

ANTITUMOR ACTIVITIES OF LENTINAN 
The antitumor and metastasis-inhibitory effects of lentinan are summarized in Table II. 
It was initially found that lentinan caused complete regression of sarcoma 180 transplanted SC 
in Swiss albino or CD-I mice at a dose of 1 mg/kg IP daily for 10 days [2]. 



Found, C: 44.16%, H: 6.27% 
N, P, and S: Negative 
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TABLE n. Antitumor and Metastasis-Inhibitory Effects of Lentinan 



tes are 
muno- 

•chtho- 
:reases 
logical 
s play 

Is and 
;ntinan 
;h and 
mi the 
as an 



ble 0. 
edSC 



Tumors* 



Hosts 



Dose of Days of Tumor Complete 

lentinan lentinan inhibition regression 

(1 mg/kg x days) Route injectiont Ratio (%)t of tumor 



Allogeneic 
Sarcoma 180 



Ehrlich carcinoma 

CCM adenocarcinoma 
Syngeneic 

A/Ph.MC.Sl fibro- 
sarcoma 

DBA/2. MC.CS-1 
fibrosarcoma 

P-815 mastocytoma 

L-5178Y lymphoma 
MM-46 carcinoma 
Madison 109 carcinoma 
Autochthonous 
MC-induced primary 
tumor§ 
Inhibition of metastasis 
DBA/2. MC.CS-1 

fibrosarcoma 
MH-134 hepatoma 
Madison 109 carcinoma 
Prevention of oncogenesis 
Methylcholanthrene- 

induced 
Methylcholanthrene- 

induced 
Adenovirus type 12- 
induced 



CD-I/ICR 
All 

DBA/2N 
SWM/Ms 
CD-I/ICR 
SWM/Ms 

A/J 



1 x 10 
5x4 
5x4 
1 x 10 
1 x 10 
1 x 10 



IP 
IP 
IP 
IP 
IP 
IP 



1 x 10 IP 



1-10 

1-4 

1-4 

1-10 

1-10 

1-10 

1-10 



DBA/2N 


1 x 10 


IP 


1-10 


DBA/2N 


5x4 


IV 


8, 10, 15, 
17 


DBA/2N 

C3H/HeN 

BALB/c 


10 x 3 
5x2 
25 X 2 


IV 
IV 
IP 


7, 14, 21 
13, 15 
15, 18 


DBA/2N 


1 x 10 


IP 


1-10 


DBA/2N 


1 x 10 


IP 


-11 to 
-1 

21-40 
15,18 


C3H/HeN 
BALB/c 


1 x 14 
25 x 2 


IP 
IP 


SWM/Ms 


1 x 10 


IP 


21-31 


DBA/2N 


1 x 10 


IP 


14-24 


C3H/HeN 


10 x 3 


IP 


14, 16, 18 



100 
96.5 

100 

100 
54.7 
65.3 

100 

76.5 



100 



10/10 
9/10 
10/10 
10/10 
0/5 
0/10 

18/18 

2/7 

2/8 

3/9 
9/9 
8/22 

2/5 



80.5 

94.2« 
100 1 

10/14 
Tumor occurrence 

83 - 33% 
78 -37% 
79-40% 



♦All tumors were solid forms implanted sx. 

tTumors were implanted on day 0. _ h f 

tTumor inhibition ratio = (C - T)/C x 100. (C = average tumor weight of control mice. T - that ot 

lentinan treated mice). 

§Tumor grown to 5 mm diameter was day-0. 

||Colony inhibition in lung. 

^Survival after surgery. 

Allogeneic Tumor-Host System 
Several characteristics of the antitumor action of lentinan were observed. Its action was 
host-mediated without cytotoxicity against tumor cells when tested in cell culture systems. 
Lentinan generally had no antitumor effect in vivo against ascites tumor cells. Use of lentinan 
revealed an interesting phenomenon of optimal dose. A higher dose of lentinan injection 
showed considerably decreased antitumor effects. This phenomenon of optimal dose was also 
observed in various immune reactions induced by lentinan. Therefore, dose frequency, uming 
and route of lentinan administration are essential. There was also a marked difference in the 
antitumor effects of lentinan among various mouse strains. 
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The results of an antitumor assay of lentinan against sarcoma 180 in different inbred 
mice and their Fl hybrids are shown in Table m. Lentinan showed strong inhibitory effects on 
tumor growth in A/J, DBA/2, and SWM/Ms mice. When lentinan was used at the dose of 4 
mg/kg IP daily for 5 days starting 1 day after SC tumor transplantation, almost all tumors 
underwent complete regression, and the inhibition ratios of tumor growth were 96.5, 100, and 
100%, respectively. In contrast, C3H/He and C57BL/6 were low responder mice to lentinan 
treatment, and no complete regression was observed. BALB/c and CBA mice were moderately 
responsive. The susceptibility of tumors in the Fl hybrids to lentinan treatment seemed to be 
regulated by their parentage. 

These results raise the question of why DBA/2, A/J, and SWM/Ms mice are high 
responders and C57BL/6 and C3H/He mice are low responders to the antitumor action of 
lentinan. The H-2 haplotypes, fur color genes of mouse strains, and allogenicity between 
tumor and host had no relationship to lentinan action. Therefore, certain host factors whose 
immune reactivity is regulated by lentinan may be the underlying cause of strain differences in 
lentinan action. 

the relationship between the tumor susceptibility to lentinan treatment and the host 
immune response such as delay ed-type hypersensitivity reaction (DTH), cytotoxic T lympho- 
cytes (CTL), natural killer (NK) cells, and phagocytic macrophages, in inbred mouse strains 

TABLE HI. Effects of Lentinan Against Sarcoma 180 on Different Inbred Strains and Their Fl 
' Hybrids 

Parent strains (H-2 haplotypes) 



DBA/2 
(dd) 



A/J 
(aa) 



BALB/c 
(dd) 



CBA 
(kk) 



C3H/He 
(kk) 



C57BL/6 
(bb) 



SWM/Ms 
(?) 



DBA/2 
IR(%) 
CR 

Response 
A/J 
IR 
CR 

Response 
BALB/c 
IR 
CR 

Response 
CBA 
IR 
CR 

Response 
C3H/He 
IR 
CR 

Response 
C57BL/6 
IR 
CR 

Response 
SWM/Ms 
IR 
CR 

Response 



100 
5/5 
High 



98.7 

4/6 

High 

96.5 

6/7 

High 



96.6 


90.7 


64.3 


87.5 


2/6 


3/6 


1/6 


0/8 


High 


High 


Moderate 


Moderate 


91.5 


91.5 


41.6 


68.2 


1/5 


0/6 


0/7 


0/6 


High 


High 


Low 


Moderate 


80.6 


75.7 


36.6 


43.4 


3/6 


2/7 


0/7 


0/6 


Moderate 


Moderate 


Low 


Low 




74.1 


71.9 


71.8 




0/6 


0/5 


0/6 




Moderate 


Moderate 


Moderate 






36.2 


58.8 






0/6 


0/6 






Low 


Low 








51.8 








0/6 








Low 



100 
6/6 
High 



IR, Inhibition ratio of tumor growth; CR, complete regression of tumors. Antitumor assay: Dose of 
lentinan was 4 mg/kg IP daily for 5 days. Tumor transplantation was SC. 
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• ~i Toku tv Tn general multiple changes were detected in lentinan-treated 

^beto most important mechanism in these tumor-host systems, m which DBA/2, A/J and 
SWM/Ms mice were the most suitable strains. 

Syngeneic Tumor-Host System 
Because A/J DBA/2, and SWM/Ms mice were suitable hosts for lentinan action the 

jessed were also able to reject a secondary challenge with the same tumor [5] (Fig. 1). 

TABLE IV. Relationship Between the Antitumor Susceptibility to Lentinan Treatment and the 
Capability of Host Immune Factors 



ATS 



DTH 



CTL 



NK 



M<f> 



DBA/2 
A/J 

SWM/Ms 
BALB/c 
C3H/He 
C57BL/6 



High 
High 
High 
Moderate 
Low 
Low 



High 
High 

Low 



High 



Low 
Low 
Low 
High 
Moderate 



Low 
Low 
Low 

High 
High 



A/Ph. MC. SI. 
Sarcoma 



1 



Control 



16 
14 

e 

1 12 

03 
*-» 

CO „ - 

E 10 

CD 

■6 

o 8 
E 

I 



12 16 20 24 
Days after tumor inoculation 

lentinan or control [5]. 



Lentinan 
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Lentinan showed a marked antitumor effect against the native and trypsinized DBA/ 
2.MC.CS-1 fibosarcoma established in our laboratory for these experiments (Table V) T61 a<j 
a trypsinized tumor should not be called a true syngeneic in the strict sense of the word Z 
native DBA/2.MC.CS-1 sarcoma was mainly used. When 0. 1 ml of tumor cell suspension of 
native DBA/2. MC.CS-1 sarcoma was transplanted SC into syngeneic DBA/2 mice the inhi 
bition ratios of tumor growth induced by lentinan were 54.0 or 47.3% with a dose of 1 mg/ 
kg x 10 or 10 mg/kg x 1, respectively. Lentinan was more effective against this tumor when 
DBA/2 mice were implanted with a smaller dose (1 x 10 4 cells) of tumor cells. The tumor 
inhibition ratio was 57.4%, and complete regression of tumor was observed in two out of five 
mice with 4 mg/kg x 4 by IP injection of lentinan. In the case of trypsinized DBA/2 MC CS 
1 sarcoma, the tumor inhibitory effect of lentinan was striking. With lentinan given in ten 
doses of 1 mg/kg each, tumor inhibition ratio was 76.5%, and tumors underwent complete 
regression in two out of seven mice. 

Lentinan was also effective against various kinds of semisyngeneic tumors, such as P- 
815 mastocytoma and L-5178Y lymphoma in DBA/2 mice, virus-induced MM-46 and MM 
102 carcinomas in C3H/He mice, and others (Table II). In these cases, timing of lentinan 
administration was very important. One hundred percent regression of MM46 carcinoma was 
observed when 5 mg/kg of lentinan was injected twice, at 13 and 15 days after tumor 
transplantation. 

Autochthonous Tumor-Host System 
When DBA/2 mice were used, the IP injection of lentinan inhibited the growth of 
methylcholanthrene (MC)-induced autochthonous primary tumors [6] (Table VI). The tumors 
grew to 5 mm diameter within 15 weeks after MC treatment and were markedly inhibited by 
the IP injection of 1 mg/kg lentinan daily for 10 days starting at day 0 (grown to 5 mm 
diameter). The inhibition ratio of tumor was 80.5%, and the primary tumors underwent 
complete regression in two out of five mice. On the other hand, the tumor inhibitory effect of 
lentinan during 16 to 30 weeks after the MC inoculation was 50.4%, and no complete 
regression was observed, possibly because of a higher antigenicity of an earlier^urring 
tumor than of a later-occurring one [22] . ■ ^ 

METASTASIS-INHIBITORY ACTIVITY OF LENTINAN 

The correlation between spread of lymph node metastasis and prognosis after surgical 
resection of lung cancer was summarized by Watanabe and Suemasu [23] of the National 

TABLE V. Effects of Lentinan on Growth of Native and Trypsinized DBA/2.MC.CS-1 
Fibrosarcomas in DBA/2 Mice 



DBA/2. 

MC.CS-1 

fibrosarcoma 


Treatment 


Dose 


D/T 


Average 
tumor 
weight (gm)* 


Tumor 
inhibition 
ratio (%) 


No. of 
complete 
regressions 


Native tumorf 


Lentinan 


1 mg/kg x 10 


0/6 


2.19 


54.0 


0/6 




Control 




0/6 


4.76 


0/6 


Native tumorf 


Lentinan 


10 mg/kg x 1 


0/6 


2.99 


47.3 


0/6 




Control 




0/6 


5.67 


0/6 


Native tumorf: 


Lentinan 


5 mg/kg x 4 


0/5 


0.84 


57.4 


2/5 




Control 




0/6 


1.97 




0/6 


Trypsinized 


Lentinan 


1 mg/kg X 10 


0/7 


0.47 


76.5 


2/7 


tumor§ 


Control 




0/7 


2.00 


0/7 



tTumor cell suspension 0.1 ml (1 gm of tumor tissue per 1 ml of saline); probably over 10 7 cells were 
transplanted SC. 

^Approximately 1 x 10 4 tumor cells were transplanted SC. 

§Tumor cells 2.4 x 10 6 were transplanted SC. 

*P < 0.01; Student t test compared to the control group. 
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BALB/c 
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tivitv or Lentinan T w 

Average 
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weight ( gm) 



Lentinan 
treatment* 



Lentinan 
Control 
Lentinan 
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Dose 

1 mg/kg X 10 
1 mg/kg X 10 



0.58 
2.98 
2.75 
4.79 



Tumor 


No. of 


inHiHltlOn 


complete 


ratio \ 7o) i 


regressions 


80.5 


2/5 




0/5 


40.5 


0/4 




0/4 


77.7 


1/6 




0/9 




No metastasis in lung 
Metastasis inner lung 
Metastasis: Hilus LN 
Metastasis: Mediastinum 
Metastasis: Other places 

— ITTT^ Center Hospital, Tokyo. 

Data are from Watanabe and Suemasu [231 of the National c 

. ^ n r n o /_\ i une cancer without any 

resection. . t . treatme nt of cancer metastasis is regression of a 

resection. 

Hematogenous Metastasis 

Lentinan inhibited hematogenous ^^^JOSS^ 10 day's, 
fibrosarcoma (Table VTH). After ^.^JJ^^f i , 3 l ? B ia of DBA/2 mice. The u„g 
3 x VP cells of this tumor were^ Jg*^ and the metastasis inhibition 

Lymph Node Metastasis ^ ^ 

Lentinan was also effective in lymph node "Z^CZd to lung, 

inoculation of MH-134 ^^ZZST^ V^ — nCe ° f ^2 

vS 10 days after surgical resection (Fig. 2). 
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TABLE Vm. Inhibition 


of Hematogenous Pulmonary Metastases of Syngeneic DBA/2.MC.CS-1 
Fibrosarcomas bv Lentinan 


No. of 
tumor cells* 


Lentinan 
injections 
CI mg/kg x 10)t 


Average 
colony No. of 
lung metastasis 


Metastasis 
inhibitory 
ratio (%) 


1 x 10 5 
1 X 10 5 
3 x10 s 
3 x 10 5 
1 x 10 6 
1 x 10 6 


+ 
+ 
+ 


7.0 

0.6 
27.8 

1.6 
34.0 

5.3 


91.4 
94.2 

RA A 


*IV injection from teil vein. 



100 



* 50 



IL 



X 

Ur f 



, MH 134 Transplantation (footpad) 
MH134 Resection 



3 4 5 6 7 
Weeks after tumor transplantation 



10 



Sfraerv ^vV P 08 ' 0 ^ 6 ^ H : 134 he P at °™ ^stasis by lentinan administration. X, Control 
SSS MH-134 station, foo^V MH-134^ resection, 2 we^te after tumor 



e, »i nlf 1 ^ reSUUS Madison 109 lu "g carcinoma and lentinan were obtained by Rose 

S^lZteF? *? l6Dtinan f reVCnted death from m <« after surgieal rlS 
of (his tumor. The effects of surgery alone and surgery followed by an injection of 25 me/ke 
of lentinan compared with untreated control are demonstrated in Figure 3. g 8 

PREVENTION OF ONCOGENESIS BY LENTINAN 

i t - ^ nt i.T P revented chemic al and viral oncogenesis [6,7]. Hamada [7] reported that 

^T^^cTT^ ° n T neSiS ' ^ C3H/He ^wfret! 

tecteo with 10 TCID 50 of adenovirus type 12, the tumor incidence was about 80% at day 80 

lentinan at 14, 16, and 18 days after the infection was about 40% (Fig. 4) Prevention of 

Ze 8 "mX y s tr idered I™ eXperimeMal method for inhibiti ° n of mLmsrbeiuse 
of the control of small amounts of autochthonous tumor cells in the host. 
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DAYS POST IMPLANT 

Fig. 3. Inhibition of postoperative syngeneic Madison 109 lung carcinoma mc ^^„!n Sm^kS 
by lentinan injection. Data from untreated controls, surgery only, and surgery plus lentman 25 mg/kg/ 
2y IP x 2 from i and 4 days after tumor resection are compared. Madison 109 implantation i foodpad 
SC; Madison 109 resection, 13 or 14 days after tumor implantation. Data are from Rose et al lZ4j. 
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We found that lentinan suppressed chemical carcinogenesis [6]. When 1 mg/kg of 
lentinan was injected IP daily for 10 days into DBA/2 mice from 2 weeks after MC treatment, 
the tumor occurrence ratio was about 30% after week 40 compared to about 80% in untreated 
control mice (Fig. 5). 

In another experiment, timing of lentinan administration for prevention of chemical 
carcinogenesis was examined using the high responder SWM/Ms mice. Tumor incidence was 
strikingly suppressed in the mice that were given lentinan 3 weeks after MC inoculation. 
However, lentinan given 6 weeks after MC treatment was less effective (Fig. 6). This suggests 
a possible effectiveness of lentinan on micrometastasis after surgical resection in cancer 
patients, because the small number of autochthonous tumor cells that may have occurred in the 
host within 3 weeks after MC inoculation had regressed through immunopotentiation by 
lentinan. 



MODE OF ACTION OF LENTINAN AS A T-CELL ADJUVANT 
Lentinan has no direct cytotoxicity against tumor cells, and its antitumor action is host- 
mediated. The immunological activities of lentinan are listed in Table IX. The antitumor 
activity of lentinan was absent in neonatally thymectomized mice [11] and was decreased by 
the administration of antilymphocyte serum [25]. These results suggest that the antitumor 
action of lentinan requires an immunocompetent T-cell compartment and that the activity is 
mediated through thymus-dependent immune mechanisms. Antitumor effects of lentinan were 
also inhibited by pretreatment with the antimacrophage agents carrageenan and silica. Thus, 
lentinan is a T cell-oriented adjuvant in which macrophages play some parts. Among the well- 
known immunostimulants, such as BCG, C. parvum, and LPS, lentinan appears to represent 
an unique class of immune adjuvant. 

It is, however, not clear how lentinan affects the host at a stage before the induction of 
many immunological changes. It is suggested that the biological activities of lentinan may 
depend on the presence of certain substances or cells in the host that interact with lentinan. 



Control 




0 5 10 15 20 25 30 35 40 

Weeks after MC treatment 



Fig. 5. Preventive effect of lentinan on 3-methylcholanthrene-induced carcinogenesis in DBA/2 mice. 
Data from controls (no lentinan treatment) and mice receiving lentinan injections (1 mg/kg IP daily for 
10 days) started 2 weeks after MC treatment are shown. 
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Acute-Phase Transport Protein-Inducing Factor 

Severa, protein components increase ^^X^^^^^ 
lentinan injection [29]. These were identified Jby Jte ceruloplasmin 130]. 

as acute-phase transport protems such as haptog ^phase transport proteins 

We recendy found a factor that regulates die ™J injection of 10 mg/ 

in the serum (L10-6h serum) that was obtamed ho ™™"^ 0 ™*X leased 4 days after 

the acute-phase proteins. 

Vascular Dilation and Hemorrhage-Inducing Factor 
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TABLE IX. Immunological Activities of Lentinan 



1 


T cell participation 






Neonatal thymectomy 


Abolished antitumor effect 




Antilymphocyte serum 


Decreased antitumor effect 




Helper T cell in vitro 


No observed effect 




Helper T cell in vivo 


Activation or restoration 




Cytotoxic T cell in vitro 


Augmentation of IL-2 responsibility 




Cytotoxic T cell in vivo 


Increased responsibility to IL-2 . 




Suppressor T cells 


No induction 




iviigrauun liuiiDiiory racior- 


Activation 




producing T cells 






IL-3 


Increased production 




T cell-derived CSF 


inuicxidcu pruuucuon 


I. 


Natural killer cell participation 






NK cells in vitro 


No effect 




NK cells in vivo 


Activation in C3H/He, but not BALB/c mice 
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serum may contain a histamine-producing cell stimulating factor. Interestingly, there is a close 
correlation between antitumor activity and vascular dilatation-stimulating activity of lentinan. 

EL-1 Production-Inducing Factor, Colony-Stimulating Factor, and IL-3 

Lentinan triggers the increased production of IL-1 by a direct impact on macrophages or 
indirectly via colony-stimulating factor (CSF) from lentinan-stimulated T cells. 

After lentinan injection two peaks of increased CSF were observed (Fig. 8). Three hours 
after lentinan injection the appearance of CSF in the serum was found to be generated from 
alveolar macrophages that were stimulated by lentinan. However, the CSF that appeared 
several days after lentinan injection was found to have originated from T lymphocytes, because 
this increase was not present in nude mice. Similarly, IL-1 production-inducing activity in the 
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TABLE X. Increase of Protein Components and Bioactive Factors in Mouse Serum After 

Lentinan Atmiinistration, 



Activities (peak, 2-24 hours after) 
IL-1 production-inducing factor 
Interleukin-3 

Colony-stimulating factor (directly from macrophages) 
Acute-phase protein-inducing factor 
Vascular dilatation and hemorrhage-inducing factor 
Lysozyme activity 



Components (peak, 3-7 days after) 
Interleukin-1 

Colony-stimulating factor (T cell- 
derived) 
Haptoglobin 
Hemopexin 
Ceruloplasmin 
Serum amyloid P 
Complement C3 
Complement C5 
Complement factor B 
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Fig. 7. PCyacry^de ge, electrophoresis patterns of seru-r, ^^JS^ftS 

the 8 injection of 0.2 ml per mouse of vanous, c: Carr-LlO- 

serum; serum obtained from CD-I mice 6 hours after IP mjecuon m , ' u m 8 S 

6h; L10-6h serum obtained from the mice that received Wg£J 0.1 ml of anti-la 

fentinan injection; d: Anti-la L10-6h; L10-6h ^f^TlSS UoSCm obtained from 

antiserum 5 to 10 minutes before lentinan injection; e: nu/nu LlOMi. ^ o 

~nu/nu CD-I mice; f: Pronase-L10-6h; P^^^^f^ daily for 4 

sample obtained from CD-I mice on day 4 after the final injection ot mg* g 

days. 



436 Chihara et al 



100 



50 



c 
-2 




3«hr 1 2 3 5 7 
Time after LNT injectton 



9days 



Fig. 8. Colony-stimulating activity (CSA) in the serum of lentinan-injected DBA/2 mice. Serum was 
harvested at 0, 3, and 6 hours and 1, 2, 3, 5, and 7 days after an IV injection of 10 mg/kg of lenunan. 
CSA assay was a soft-gel system; 10 5 C57BL/6 bone marrow cells per dish were cultured for 7 days. 
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Fig. 9. IL-1 production-inducing activity in the serum of lentinan-injected mice. 
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Fig. 10. Correlation between IL-1 producing activity and colony-stimulating activity induced by 
lentinan. IL-1 (Acpm) was determined by tritium incorporation into thymocytes. Acpm = (+ serum or 
medium) - (- serum or medium). CSA increased in early phase augments IL-1 production by 
macrophages. 

serum of lentinan-injected mice was also absent in nude mice (Fig. 9). Thus, T cells seem to 
play a relevant role in the generation of IL-1 production-inducing factor and of CSF. There is 
a correlation between IL-1 producing activity and CSF activity induced by lentinan (Fig. 10). 
Increased CSF in the early phase augments IL-1 production of macrophages. The augmented 
effect was also demonstrated by use of chromatographically purified CSF [26]. 

Direct Production of IL-1 From Monocytes and Macrophages 

On the other hand, augmented production of IL-1 was observed when human monocytes 
[31], murine peritoneal cells, or macrophage cell line P388D1 were cocultivated with lentinan 
in vitro. The peritoneal adherent cells obtained from the lentinan-treated mice produced 
increased amounts of IL-1 in cultured supernatant (Fig. 11). 
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Cytotoxic T Lymphocytes and Lentinan 

In view of the fact that IL-1 is capable of - J* J— ^ « 

incompetent mature T cells, the ^^esen^dher suggest ^ ^ 

the differentiation of premature T cells into ^"^^aS generation of effector cells 
cytokine production, induced by lentinan ^^^eqSrement of an intact T cell 
against tumor cells (Fig. 12). This mode of action r ^ idi of me explanation, 

increased reactivity to IL-2. psm-DBA/2 the generation of allokiller 

In a syngeneic tumor-bearing system such as P8 5 DBA^me g n 

cells from thymocytes is considerably -V"^™," £55 5 the level of control 

srge^^^ 
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Fig 13 . Lentinan augments sensitivity of thymocytes to IL-2. Augmented allokiller T cell induction by 
lentinan from thymocytes in the presence of IL-2. Mixed lymphocyte culture: BALB/c C57BL/6; E:T 
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Fig. 14. Augment* allokiller T cell generation by lentinan in a P-815 syngeneic tumor-bearing DBA/ 
2 mouse system. EffectorrTarget = 50: 1 (culture base). Killer assay, 3 hours, 5l Cr release. 

from 0 to 40%. These results may explain the increase in the formation of mature T cells 
reactive to BL-2. Furthermore, spleen cells harvested from syngeneic tumor-bearing mice that 
had received triple IP injections of lentinan were able to generate significant levels of antisyn- 
geneic nimor kdler cells in the presence of IL-2 (Fig. 14). This suggests that lentinan may 
restore decreased immune reactivity in cancer and AIDS by the combination therapy with 
recombinant IL-2. 

Delayed Hypersensitivity Reaction and Lentinan 

Delayed-type hypersensitivity (DTH) reaction is an important mechanism of lentinan 
action. Lentinan restored the decreased DTH reaction in tumor-bearing hosts. Furthermore 

^'Tr* enhanced b y administration of lentinan, when the syngeneic 

A/Ph MC.S1 fibrosarcoma had completely regressed [32,33]. This augmenting effect pro- 
duced by lentinan injection may be explained also by the augmenting effect of lentinan on the 
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reactivity of macrophages to macrophage-activating factor (MAP) as demonstrated in tumor 
antigen-directed DTH [18]. 

Natural Killer Cells and Lentinan 
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Complement and Nonspecific Cyeolorfdty of MacropHages 

Lentinan, nevertheless, did not enhance the phagocytic activitv of mtu ^.u 
and in vivo as assessed by a carbon clearance test im tSSST^- * nacpo P h, «< s » In v "ro 
from m0 s« immune stimulants, so^SSL ^ """^ 10 * **" 

Conclusion Regarding Mechanism of Action 

the posable mode of action of lentinan is tentatively suggested almou^h ^ !L n, ' 
points to be elucidated (Fig. 16). suggested although there are still many 

CLINICAL APPLICATION AND POSSIBLE FUTURE TRENDS 

aI . Untman was . found to have a distinct antitumor and metastasis-inhibiting effect in 
allogeneic, syngeneic, and autochthonous hosts, and its unique mode rf*Sf STL 

Therefore, lentman is worthy of consideration for effective therapy of cancer JSS 
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Fig. 16. Possible mode of action of lentinan. 
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Fie 17 Clinical application of lentinan on survival curves from patients with advanced and recurrent 
Fig. 17. ciinicai apP'»f randomized control study of lentinan in phase ffl. L, 

SISSTX TZ7^^ '~ plus 400-1200 mg/person/day of Tegaful; C 
lennnan-treateo group ^mBF Kaplan-Maier's method and examined by 

^%^Z™^:X£* cases, 50% survival 92 days. Untinan group, 77 cases, 
50% survival 173 days. Data are from Taguchi et al [21]. 

Taguchi and cooperative clinical study groups investigating ^..^^^ 
phase I H and ffl studies of randomized control climcal trials of entman [20]. Recent rcsulte 
of ?4 year follow-up phase ffl randomized control study of lentinan patients with advanced 
1 rtcSem mmach and colorectal cancer revealed that the combination therapy of lenUnan 
wfm SgS led to prolongation of their lifespan (Fig. 17) [21]^ £e case : of sumach cance , 
the percent survival ratios of the lentinan-treated pauents were 24.32 ^ 12 Q 97 ^ 51 ^ J'» *• 
while those of the control group (Tegaful only) were only 3.70, 3.70, 0, and 0% m 1, 2, J, 

"* 4 ^S^SS^ the use of lentinan may increase the survival time and cause 
the compete ^e of mSrometastases after surgical resection in cancer patients. Human cancer 
f aSe with great diversities comparable to all infectious diseases. Tumor-hos gelation- 
ships ™y differ depending on the stage of tumor growth and on the course of *e«mems. 
E T use of lentinan for human cancer should be based on strict injection times and 
I^tLules ^infoSZe with the immunological and biological changes that were 
o^^tntiLSranunals. The effect of lentinan in the treatment of human cancer 
Seas* wnen used in conjunction with other therapies, especially after surged ^on 
An imoortant task for clinical immunologists is to determine parameters for tumor-host 
r^aSuTwS serve as indicators for protocols on the use of immunopotentiators such as 
lentinan. 
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